Abstract -The piezoelectric and pyroelectric properties of the composites based on HDPE and lead-zirconate-titanate piezoceramics are shown to depend on the crystallochemical parameters of the piezophase. As the electroconductivity of cations and covalence of the B '''' -O bonds decrease owing to enhanced adsorption interactions between polymer phases and the piezoceramic, the concentration of charge localization sites increases and the mobility of polymer chains at the interface decreases. As a result, piezoelectric and pyroelectric coefficients tend to increase.
INTRODUCTION
Evident steps toward the development of new highly efficient composite pyroelectric and piezoelectric materials involve a justified search for their individual components or phases. Numerous experimental data show that interfacial interactions and electron-ionic and polarization processes occurring at the interface are key factors controlling the development of electret, piezoceramic, and pyroelectric effects in polymer-piezoceramic composites [1] [2] [3] . In the case of electrothermopolarization of the composites, electron-ionic and polarization effects of one phase (for example, the polymer phase) directly affect the occurrence of similar processes in the other phase (the piezoceramic phase) [4, 5] . Therefore, one can conclude that interfacial interactions and boundary polarization processes depend on structural and electrophysical parameters of constituent phases, such as the polarity and supramolecular structure of a polymer matrix, electronegativity of cations, ferroelectric rigidity, spontaneous polarization, and deformation of perovskite units of the piezophase. Among the aforementioned structural and electrophysical parameters, special emphasis should be placed on the electronegativity of piezophase cations (piezoparticles) because this parameter controls the surface state and the probability of formation of chemical bonds between different phases-the polymer and piezoparticle. The surface state of piezoparticles has a marked effect on the development of the supramolecular structure of the polymer matrix in regions that are in contact with the piezophase. In turn, the supramolecular structure of the polymer at its boundaries with piezoparticles controls the concentration of boundary charge carriers during the electrothermopolarization impact in the field, where the piezophase is polarized in a medium with a low dielectric permittivity (polymer), while the quasineutral system composed of oriented domains and boundary charges is formed [2, 3] .
The objective of this study is to find the interrelation between the electrophysical characteristics of the polymer-piezoceramic composite and the electronegativity of piezophase cations. EXPERIMENTAL HDPE was used as a polymer phase. Pyroelectric and piezoelectric phases of the composites were based on multicomponent ferroelectric solid solutions of lead-titanate-zirconate. Depending on valence B' and B", such multicomponent systems can be written as where n = 2 or 3 and α = 1/2, 1/3, or 1/4 ( n is the number of components, and x is the concentration of PbTiO 3 in mol % in ferroelectric solid solutions Pb Pyroelectric and piezoelectric composites were prepared by the method of hot molding from the homogeneous powder mixture of the polymer and ferroelectric solid solutions. The content of the piezophase in the composite was 50 vol %, and the dimensions of ceramic particles were 63-100 µ m.
Let us mention that a difference between the multicomponent systems under study concerns the electronegativity of B cations involved in complex oxides, which control their properties, including, ferroelectric rigidity [6] . Ferroelectric rigidity is strongly governed by the intensity of local elastic stresses induced during reorientation of domains. With an increase in the above stresses, the ferroelectric rigidity increases, while the compliance of domains toward external impact, including the action of temperature and electric fields under electrothermopolarization, decreases. As a measure of ferroelectric rigidity, it seems convenient to use the spontaneous deformation of a cell along the polar axis, which is expressed through the homogeneous deformation parameter δ [6, 7] .The value of δ for the used ferroelectric solid solutions was estimated by X-ray analysis [6] . The role of boundary charges in the development of piezoelectric and pyroelectric effects in the composites was studied via the thermally stimulated depolarization current method (TSDC) [8] . Piezoelectric moduli d 31 and d 33 were estimated through the static method [9] . The pyroelectric coefficient γ for the composite was calculated from the temperature dependence of pyroelectric current measured via the quasistatic method [8] .
As is known, electronegativity is used to assess the state of chemical bonds and to define the structure of piezoceramics [6] and the surface state of inorganic dispersing agents in the polymer matrix (adhesion and adsorption interactions and ability of forming donoracceptor chemical bonds with the contacting phase) [10, 11] . The character of chemical bonds is estimated from a difference in electronegativities of constitutive components: as this difference is decreased, the covalence of the chemical bond increases [12] . With the use of this rule in the case of the B '''' -O bond, one can conclude that the covalence of this bond increases owing to the increasing electronegativity of element B '''' because a difference between the electronegativities of elements B '''' and O (oxygen) decreases, whereas the electronegativity of oxygen in all cases is higher than that of elements B '''' in the corresponding valence states. In other words, the electronegativity of element B '''' can be adopted as a measure of covalence of the B '''' -O bond.
RESULTS AND DISCUSSION Let us consider the parameters of solid ferroelectric solutions PbTiO 3 -PbZrO 3 -PbNb 2/3 ZnO 3 -Pb O 3 and their composites as a function of the electronegativity of elements B '''' (Fig. 1) . The values of electronegativity were selected with allowance for the fact that the
corresponding elements can exist in different oxidation states. As follows from Fig. 1 , with an increase in the electronegativity of cations (Mg, Zn, Ni, Co, Mn), the piezophase parameters ( ε , γ c , d 31 , and δ ) monotonically change (curves 1-4 ).
The above correlations between the piezophase parameters and the type of cation B '''' and the covalence 
